Based on Y ohkoh/SXT, SOHO/EIT images and movies, as well as on Ha, He I 10830 heliograms A and other relevant data, we analyze an event of 1999 December 28, which is interesting in at least two aspects. (1) A major horseshoe-shaped Ha Ðlament appeared to be located within a large transequatorial coronal hole (CH) in the eastern hemisphere. (2) This Ðlament subsequently disappeared, with its eruption combined with a number of dynamic phenomena, including large-scale ones. The probable location of the Ðlament inside the CH was conÐrmed in detail by calculations of the open Ðeld regions and, for the Ðrst time, the quasi-separatrix layers in the global solar magnetic Ðeld. The Ðlament eruption was accompanied by signiÐcant evolution of the soft X-ray and EUV-emitting structures inside the CH as well as by a coronal mass ejection. The analysis indicates that CHs need not have the simple and uniform structure normally assumed and can sometimes contain local areas with low-altitude closed magnetic Ðelds. It demonstrates also that the erupting Ðlament inside the CH was a part of a much more global, evolving magnetic structure associated with activity extending through at least the entire eastern half of the disk.
INTRODUCTION
It is usually believed that coronal holes (CHs) represent areas of relatively cool, low-density (and hence X-ray faint) plasma with open, predominantly unipolar magnetic Ðelds and without signiÐcant internal activity (e.g., Zirker 1977 ; Harvey 1995 ; Mogilevsky, Obridko, & Shilova 1997 ; Obridko & Shelting 1999 ; Zhao, Hoeksema, & Scherrer 1999) . In soft X-rays and high-temperature EUV lines, they are visible as extended structures with diminished emission. They are bright in the He I 10830 chromospheric absorp-A tion line, modiÐed by overlying coronal radiation with wavelengths smaller than 500 and have reduced internal A network intensity and contrast. Cold Ðlaments and hot active regions both appear dark.
The most common type of the small-scale activity observed inside CHs appears to be soft X-ray bright points and the corresponding dark points visible in the He I 10830 line (e.g., Nolte et al. 1978 ; Kahler & Moses 1990 ; Harvey A 1995) . Among the medium-scale features inside CHs, emerging magnetic Ñuxes (Stepanyan & Malanushenko 2001) and compact active regions capable of producing large soft X-ray coronal jets (e.g., Shibata et al. 1994 ) sometimes appear.
In this paper, we present the event of 1999 December 28È29, which is of interest due to two essential peculiarities (Fig. 1) . In this case, a reasonably large Ðlament appeared to be located within an extended transequatorial CH. Moreover, a disappearance/eruption of this Ðlament occurred. The disappearance was accompanied by a number of largescale dynamic phenomena such as a coronal mass ejection (CME), EUV-emitting structures inside the CH, a soft X-ray arcade, and some other e †ects. These features seem to mean that CH structures need not be so simple and quiet as previously assumed.
In°2, the data and approach used in the analysis are outlined. Diverse imaging and magnetic Ðeld data on the Ðlament position relative to the CH are presented in°3. As a whole, these data indicate the probable location of the Ðlament inside a CH. The activity preceding the Ðlament eruption, as well as the eruption itself and the accompanying phenomena are described and analyzed in°4. The discussion and conclusion are given in°5.
DATA AND APPROACH
The majority of the full-disk images and movies used in this analysis are accessible through the Internet. The Ha heliograms of the Big Bear Solar Observatory (BBSO), Mauna Loa Solar Observatory/High Altitude Observatory (MLSO/HAO), and National Astronomical Observatory (Mitaka) are used to search dynamics of the Ðlament. The He I 10830 spectroheliograms of the MLSO/HAO and A National Solar Observatory (Kitt Peak) allowed us to have information on the visibility, location, and conÐguration of the CH in this line as well as on the position and evolution of the Ðlament. The imaging data from the Y ohkoh/SXT (Tsuneta et al. 1991 ) are known to be valuable material both for locating CHs and observing posteruption structures ; for example, arcades.
Observations from the EUV Imaging Telescope (EIT ; aboard the Solar and HelioDelaboudinie`re spheric Observatory (SOHO) were also widely used. In particular, the images in the high-temperature (2.0 MK) Fe XV 284 line are almost as informative about CHs as the soft A X-ray heliograms. Two other coronal lines, Fe IX, X 171 A and Fe XII 195 sensitive to the coronal plasma with the A , temperature of 1.1 and 1.5 MK, are the most suitable for detection of the emitting coronal features particularly associated with the Ðlament activity. To make these relatively faint features visible and pronounced, the modiÐed EUV images with a limited range of intensities were formed. On some of them, the brighter sources associated with active regions prove to be saturated. The white-light infor- He I 10830 line was from 22 : 08 UT, i.e., before the main A eruption. Nevertheless, the available multiwavelength data are sufficient to study the peculiar features of the event. It should be kept in mind that in this paper all Y ohkoh/SXT and SOHO/EIT images are presented in the inverted (negative) form, i.e., emitting features appear dark and absorption structures appear bright. At the same time, the Ha, He I 10830 and SOHO/LASCO images are shown in A , the normal (positive) form.
The Stanford digital synoptic magnetic Ðeld map for 1999 December 28 and the corresponding IZMIRAN techniques were used to calculate the open Ðeld areas and, most interestingly, the quasi-separatrix layers in the global magnetic Ðeld (Obridko, Kharshiladze, & Ivanov 2002) . These calculations help us to outline the location, conÐguration, and boundaries of the CH. The short deÐnition and explanation of the quasi-separatrix layers with some relevant references are given in°3.1
ON LOCATION OF THE FILAMENT RELATIVE TO THE CORONAL HOLE
In Figures 1a and 1b , particularly from the Ha heliograms of 1999 December 28, one can see that the horseshoeshaped Ðlament 1-2-3 of our interest was reasonably long (about 250 Mm) and located in the southeast quadrant. On this day, the clear, large, transequatorial CH, best visible on the SOHO/EIT 284 ( Fig. 1d ) and Y ohkoh/SXT (Fig. 1f ) A images, is present in the central sector of the eastern half of the disk. On the Kitt Peak He I 10830 spectroheliogram A (Fig. 1e) , as well as on the similar MLSO/HAO spectroheliograms (see Fig. 5 ), the CH and its boundaries are not sharply deÐned. Nevertheless, it seems that the Ðlament 1-2-3 appears to be located near the southern boundary of the He I 10830 CH. It is important to note that the curved A emitting element 1-4, visible as dark on the negative SOHO/ EIT 284 ( Fig. 1d) , Y ohkoh/SXT (Fig. 1 f ) images, and on A the positive He I image (Fig. 1e) , is located southeastward relative to the Ðlament. Taking this point into account, one can conclude from the SOHO/EIT 284 (Fig. 1d ) image A and especially from the Y ohkoh/SXT (Fig. 1f ) images (see also Fig. 6 ) that the Ðlament 1-2-3 appears to be positioned inside the CH visible in the soft X-rays and hightemperature 284 line.
A Unfortunately, at present there is no objective or quantitative method for determining the CH boundaries on soft X-ray, EUV, and He I 10830 heliograms (e.g., Zhao et al. A 1999) . The Kitt Peak CH maps routinely published in the Solar-Geophysical Data (SGD) are constructed from the full-disk He I 10830 spectroheliograms and magneto-A grams, based on qualitative criteria (e.g., Recely & Harvey 1986 ) ; these criteria exclude a priori any nonunipolar featuresÈparticularly ÐlamentsÈinside CHs. For our case of 1999 December 28 (SGC 2000) , the Kitt Peak map classiÐes as a CH only the "" bright ÏÏ northeastern part of the CH visible on the soft X-ray and 284 images as well as two A small patches located near the central meridian, in the southeast sector of this CH. The area adjoining the Ðlament 1-2-3 is not included in the CH on the Kitt Peak map. Therefore, one can note that in our case, as well as in some other cases, the He I 10830 spectroheliograms display A mainly the most intense and pronounced areas of the real CH (see below).
Let us consider now the information on the CH which can be inferred from some magnetic Ðeld data. From the physical point of view, perhaps the most reliable and valid FIG. 5 .ÈFragments of the MLSO/HAO Ha (aÈc) and He I 10830 (dÈf ) images displaying partial disappearance of the southern branch of the Ðlament A 1-2-3 before the main eruption of the whole Ðlament. Adjacent emitting element 4-1 is also visible in the He I line.
approach to determination of a CH conÐguration is its identiÐcation with the computed footpoint area of open Ðeld lines (Obridko & Shelting 1999 ; Zhao et al. 1999) . Shown in Figure 2a are the synoptic magnetic Ðeld maps of the radial Ðeld at the heliocentric distances of R \ 1.0, 1.1, and 1.4 calculated using the Stanford synoptic chart and R _ IZMIRAN modiÐcation of the potential Ðeld-source surface model (Obridko & Shelting 1999 ; Obridko et al. 2002) So far, the separators, the quasi-separatrix layers, and other similar peculiarities of the three-dimensional magnetic Ðeld topology have been modeled for the local magnetic Ðeld systems above isolated active regions, where they could be identiÐed with Ñare-related features and bright loops observed in the Ha, soft X-ray, and EUV ranges (e.g., Gorbachev & Somov 1988 ; Wang et al. De moulin 2000) . Now the technique has been further developed in IZMIRAN (Obridko et al. 2002) , allowing us to compute large-scale quasi-separatrix layers in the global coronal magnetic Ðeld. It is reasonable to expect, in particular, that some quasi-separatrix layers arise on the CH boundaries because here the open and closed magnetic Ñuxes interact with each other. The location of the quasi-separatrix layers is calculated by the so-called footpoint separation factor N, which characterizes a ratio of the starting point distances of the Ðeld lines to their end-point distances. Figure 2c shows the spatial distribution of the separation factor N at a heliocentric level of 1.1 on the synoptic chart corresponding R _ to the eastern half of the disk of 1999 December 28. It can be seen that the biggest values of the factor N, i.e., the quasi-separatrix layers, outline the boundaries of the largescale structure, which appears to coincide with the CH, visible in the 284 line and soft X-rays shown in Figures 1d A and 1f, as well as with the calculated open Ðeld area presented in Figure 2a .
Thus, although the position of the Ðlament 1-2-3 relative to the CH on the He I 10830 spectroheliograms is ques-A tionable, other important data, such as the soft X-ray and 284
images, computed open Ðeld area, and quasi-A separatrix layers indicate the location of the Ðlament inside the CH.
MANIFESTATIONS OF THE FILAMENT ERUPTION
Similar to usual Ðlament eruption events occurring outside CHs, in the case under consideration, noticeable activity began long before the eruption. At the 195 wave-A length (Fig. 3) , the bright curved emitting element 4-1, mentioned already in the Ðrst paragraph of°3, develops from bright point 4 near the Ðlament between 09 : 12 UT (Fig. 3a) and 13 : 25 UT (Fig. 3b) . During several following hours, this feature continues to develop (Fig. 3c) and its intensity increases signiÐcantly to 18 : 24 UT (Fig. 3d) . Some other emitting features are present in and near the Ðlament area within the CH at this stage. On the 171 SOHO/EIT pre-A eruption images (Fig. 4, top row) , a similar but somewhat di †erent Ðlament-associated activity, particularly an analog of the near-the-Ðlament emitting curved element 4-1, is visible.
The MLSO/HAO Ha and He I 10830 heliograms ( ranges. Just at this time, a signiÐcant intensiÐcation and A enlargement of the soft X-ray emission in the near-the-Ðla-ment region inside the CH takes place (Figs. 1f and 6a) . Nearer to the main eruption time, the southern Ðlament branch 3-2 becomes visible partly again on the Ha and He I images ( Fig. 5c and 5f ; see also Fig. 1b) .
The occurrence of the main eruption of the whole Ðla-ment at about 23 UT follows not only from a comparison of the nearest of the available Ha heliograms (Figs. 1b and 1c) but also from the detailed SOHO/EIT data at 195 (Fig. 7) . A In addition to the various emitting features appearing southward of the bright curved element 4-1 near point 17, the east (4-15) and north (15-16) di †use emitting branches are visible at 22 : 36 UT (Fig. 7a) . Then at 23 : 00 UT (Fig.  7b) , these branches transform rather sharply into a closed, oval, emitting structure 4-15-16-17-4 surrounding the Ðla-ment region. Simultaneously, a few transient bright points appear near element 4-1. The oval structure remains pronounced and occupies a more or less stable position during at least several tens of minutes (Fig. 7bÈ7d) (Fig. 8) , where the 22 : 24 UT image was used as a background. It is reasonable to note that the CH, coinciding with the soft X-ray and 284 one, is clearly distin-A guished on these images.
In soft X-rays, the Ðlament eruption manifested itself by signiÐcant intensiÐcation and development of an arcadelike structure (Fig. 6b) . It is essential that this large-scale structure also occurred inside the soft X-ray CH and was located mainly south-southeast relative to the Ðlament region, consistent with the projection of the local vertical. It seems that this direction was somewhat distinguished, because according to the SOHO/LASCO data (Fig. 9) , a rather noticeable CME was observed just over the southsoutheastern limb after 23 : 30 UT. By our estimation, at the heliocentric distance range of 2.5È7.0 the projected R _ , velocity of the CME increased from 270 to 520 km s~1. It is reasonable to suggest that this CME was associated with the Ðlament erupted from within the CH under consideration.
During all phases of the event, i.e., before, at the time of, and after the Ðlament eruption on the 195 images, one A can see some thin emitting structures outlining the area, corresponding to the CH observed in soft X-rays and 284 A (see, for example, the contour 5-6-7-8-9-10-5 in Fig. 3c ). According to the Ðndings of Chertok (1999 Chertok ( , 2001 , these so-called large-scale chains are observed rather often, particularly at the boundaries of CHs. It should be noted that in this case, the CH boundary-associated chains appear to coincide also with the calculated quasi-separatrix layers of the global coronal magnetic Ðelds (Fig. 2c) . Such an association of the chains with energy release in large-scale quasiseparatrix layers was supposed by Chertok (1999 Chertok ( , 2001 . One more meridional transequatorial chain was observed at both 171 and 195 lines and passed through the Ðlament A region 1-4 inside the CH extending at Ðrst (Figs. 3d and 4b ) from environs of the northeastern active complex 11 and then (Figs. 4c, 4d, and 7f ) to the southeastern CH boundary 13-5 and to the southeast limb edge 12 of the long south Ðlament visible in the Ha and He I 10830 lines (see Figs. 1 A and 5). This Ðlament-associated transient chain seems to resemble the patchy ribbons observed particularly in the He I 10830 line on either side of the channel from which A a Ðlament has erupted (e.g., Harvey et al. 1987 Harvey et al. , 1996 . The development of the chains in the event under consideration will be discussed in more detail in a separate paper.
The large-scale features described above suggest a close physical connection between the CH, the Ðlament interior to it, the neighboring active region complexes 9 and 11, and the southeastern Ðlament region 5 (e.g., Figs. 3, 4, and 7) . The illumination and development of the large-scale emitting structures, particularly going to the southeastern limb, indicate strong evolution of this part of the global solar magnetic Ðelds. It appears not to be a coincidence that on December 29 at about 15 UT, the southeastern Ðlament also erupted. This resulted in a relatively large, very slow (182 km s~1), loop-like CME (Fig. 10c) as well as the huge over-the-limb soft X-ray cusp structure (18) with three di †use, leg branches (Fig. 10a) . One leg, 18-7, visible also at 195 (Fig. 10b) , extends to the northeastern region along A the east CH boundary, the second (18-4) stretches to the still-illuminated Ðlament area within the CH, and the third (18-19) is positioned along but somewhat southward of the southern erupted Ðlament. This implies close connections existing between all these structures and tends to conÐrm their involvement in the large-scale eruptive events considered.
DISCUSSION AND CONCLUSION
Our multirange analysis of the event of 1999 December 28È29 demonstrates that sometimes large CHs may di †er from usual ones with respect to the presence of such internal large-scale activity as a moderately long and eruptive Ðlament.
A number of arguments speak well of the probable location of the Ðlament inside the CH inferred at the heliocentric distance 1.1
Although their relative position on R _ . the Kitt Peak and MLSO/HAO He I 10830 images is A debatable, the Y ohkoh/SXT and SOHO/EIT 284 helio-A grams clearly show the Ðlament lying within the CH. This conclusion is conÐrmed also by calculations of two characteristics of the large-scale magnetic Ðelds outlining particularly the CH boundaries : the open magnetic Ðeld line area and, for the Ðrst time, the quasi-separatrix layer patterns of the global coronal magnetic Ðelds.
The inferred probable location of the Ðlament inside the CH means that some CHs may not be so simple and uniform a structure as normally believed and can contain local areas of closed large-scale magnetic Ðelds, at least at low altitudes. If the CH is to remain unipolar, another possible interpretation is that the Ðlament and the bipolar region which it separates carve out an interior hole of more complicated magnetic topology that is not a part of the CH.
The fact that this Ðlament within a CH also erupted is one more peculiarity of the event under consideration. Noticeable pre-eruption Ðlament activity, typical for usual Ðlament eruptions occurring outside CHs, was observed in this case as well. The main eruption of the whole Ðlament was accompanied by an obvious white-light CME, an appreciable restructuring of the EUV emission over the large area around the Ðlament, a remarkable soft X-ray brightening and arcade formation, and some other phenomena.
The observed features of the event suggest that the CH, internal and external Ðlaments, and adjacent active regions are combined into a united large-scale active complex extending almost throughout the whole eastern half of the disk. The conception of such large-scale active complexes connected by large-scale magnetic Ðelds was suggested by Mogilevsky et al. (1997) . In our case, the observations show that a Ðlament internal to a CH can play an important role in an evolving large-scale active complex, indicated above, and that all components of the complex were strongly involved in the pre-eruption activity, the eruption itself, and post-eruption processes.
At last, consideration of the Y ohkoh/SXT and SOHO/EIT data for other periods shows that similar but not so spectacular CH-interior Ðlaments and extended accompanying activity can be found in some other events.
